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(57) ABSTRACT

In treating organic-containing wastewater by a biological
treatment 1n a stage prior to a advanced treatment such as
membrane separation or the like, the amount of the biological
metabolites produced in the biological treatment step 1s
reduced to reduce the amount of the organic substances flow-
ing 1nto the advanced treatment step 1n a latter stage, thereby
making the advanced treatment stable and efficient and effi-
ciently recovering treated water of high quality. Water anaero-
bically biologically treated 1n an anaerobic reaction tank 11
including an acid production tank 11 A and a UASB reaction
tank 11B 1s subjected to a coagulation treatment and then to
solid-liquid separation 1n a No. 1 sedimentation tank 14. The
resultant separated water 1s aecrobically biologically treated
water 1s subjected to a coagulation treatment and then to
solid-liquid separation 1 a No. 2 sedimentation tank 24.
Then, the resultant water 1s subjected to a membrane separa-
tion treatment in a RO membrane separator 40 as advanced
treatment means. By performing anaerobic biological treat-
ment, aerobic biological treatment, and solid-liquid separa-
tion prior to the advanced treatment means, organic sub-
stances can be suiliciently removed, and treatment by the
advanced treatment means can be made stable and efficient.

14 Claims, 3 Drawing Sheets
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APPARATUS AND METHOD FOR TREATING
ORGANIC-CONTAINING WASTEWATER

TECHNICAL FIELD

The present invention relates to an apparatus and method
for treating organic-containing wastewater, and particularly
to an apparatus and method in which when organic-contain-
ing wastewater 1s subjected to a biological treatment and then
an advanced treatment to recover treated water, the amount of
organic substances flowing into the advanced treatment step
1s reduced to make the advanced treatment stable and eifi-
cient, thereby efliciently recovering treated water of high

quality.

BACKGROUND ART

In recent years, recycling of water resources has been
regarded as 1important, and wastewater has been positively
recovered by treatments. In particular, membrane separators
having fine pores, such as a ultrafiltration (UF ) membrane and
a reverse osmosis (RO) membrane, are widely used because
they are capable of removing high-molecular-weight organic
substances and obtaining treated water of high quality. On the
other hand, the membrane separators have a small membrane
pore size, and thus when the concentration of organic sub-
stances flowing into the separators increases, the organic
substances easily accumulate on a membrane surface to sig-
nificantly increase filtration resistance, thereby causing diifi-
culty 1n water flow. In such a case, it 1s effective for a stable
treatment to 1nstall a biological treatment system 1n a stage
prior to membrane separator 1n order to reduce the concen-
tration of organic substances in wastewater before a mem-
brane separation treatment.

When a biological treatment i1s performed in a stage prior to
a membrane separation treatment, for example, as shown 1n
FIG. 3, organic-contaiming wastewater 1s biologically treated
in an aeration tank 21, the biologically treated water 1s suc-
cessively subjected to coagulation treatments 1n coagulation
tanks 22 and 23 by adding a coagulant thereto, and the water
undergoing coagulation treatments 1s subjected to solid-lig-
uid separation 1n a sedimentation tank 24, followed by filtra-
tion of the separated water with a filter 30 and then membrane
separation of the filtered water with a membrane separator 40.
Such an apparatus for treating organic-containing wastewater
1s disclosed 1n, for example, Japanese Unexamined Patent
Application Publication No. 20035-238152.

However, even if ready biodegradable organic substances
are treated 1n the biological treatment step prior to the mem-
brane separation treatment, several % of metabolites of
refractory microorganisms 1s produced in the process of
degrading organic substances 1n wastewater and 1s contained
in biologically treated water. The metabolites are considered
to be produced 1 a process 1 which the microorganisms
mainly produced by degradation of organic substances con-
tained 1n raw water are degraded by food chains between the
microorganisms, many of the metabolites have a relatively
high molecular weight and thus cause clogging of a mem-
brane surface of the membrane separator when the concen-
tration increases. Therefore, even when the biological treat-
ment system 1s installed in a stage prior to the membrane
separator, the concentration of the biological metabolites pro-
duced increases as the concentration of the organic sub-
stances 1n wastewater increases, and thus the membrane sepa-
rator tends to become gradually ditficult to stably operate.

Also, even when organic substances are removed by an 1ion
exchange resin or oxidation treatment as an advanced treat-
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ment for recovering water, an increase in the concentration of
organic substances in the water supplied to the advanced

treatment step results 1 an increase 1 amount of the 1on
exchange resin used, an increase 1n exchange frequency of the
ion exchange resin, or an increase 1 amount of the oxidizer
used, causing a factor which inhibits stabilization of the treat-
ment.

Patent Document 1: Japanese Unexamined Patent Appli-
cation Publication No. 2005-238152

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an appara-
tus and method for treating organic-containing wastewater in
which when organic-containing wastewater 1s biologically
treated 1n a stage prior to an advanced treatment such as
membrane separation, the amount of the biological metabo-
lites produced 1n the biological treatment step 1s reduced to
reduce the amount of organic substances flowing into the
advanced treatment step 1n a latter stage and make the
advanced treatment stable and elficient, thereby elfficiently
recovering treated water of high quality.

An apparatus for treating organic-containing wastewater of
the present invention includes anaerobic biological treatment
means for anaerobically biologically treating organic-con-
taining wastewater, aerobic biological treatment means for
acrobically biologically treating the anaerobically biologi-
cally treated water flowing out of the anaerobic biological
treatment means, solid-liquid separation means for perform-
ing solid-liquid separation of the aerobically biologically
treated water flowing out of the aerobic biological treatment
means, and advanced treatment means for removing dis-
solved substances contained in the water separated by the
solid-liquid separation means.

The advanced treatment means 1s preferably a membrane
separator.

A coagulation tank may be provided between the aerobic
biological treatment means and the solid-liquid separation
means, for eflecting a coagulation reaction by adding a
coagulant to the aerobically biologically treated water.

Solid-liquid separation means may be provided for per-
forming solid-liquid separation of the anaerobically biologi-
cally treated water flowing out of the anaerobic biological
treatment means. In this case, the water separated by the
solid-liquid separation means 1s aerobically biologically
treated by the aerobic biological treatment means.

A coagulation tank may be provided between the anaerobic
biological treatment means and the solid-liquid separation
means for performing solid-liquid separation of the anaero-
bically biologically treated water flowing out of the anaerobic
biological treatment means, for eflecting a coagulation reac-
tion by adding a coagulant to the anaerobically biologically
treated water.

A method for treating organic-containing wastewater of
the present invention includes an anaerobic biological treat-
ment step of anaerobically biologically treating organic-con-
taining wastewater, an aerobic biological treatment step of
acrobically biologically treating the anaerobically biologi-
cally treated water tlowing out of the anaerobic biological
treatment step, a solid-liquid separation step of performing
solid-liquid separation of the aerobically biologically treated
water flowing out ol the aerobic biological treatment step, and
an advanced treatment step of removing dissolved substances
contained in the separated water separated by the solid-liquid
separation step.

The advanced treatment step i1s preferably a membrane
separation step.
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A coagulation step of effecting a coagulation reaction by
adding a coagulant to the aerobically biologically treated
water may be performed between the aerobic biological treat-
ment step and the solid-liquid separation step.

A solid-liquid separation step of performing solid-liquid
separation of the anaerobically biologically treated water
flowing out of the anaerobic biological treatment step may be
performed. In this case, the water separated by the solid-
liquid separation step 1s aerobically biologically treated 1n the
aerobic biological treatment step.

A coagulation step of effecting a coagulation reaction by
adding a coagulant to the anaerobically biologically treated
water may be performed between the anaerobic biological
treatment step and the solid-liquid separation step of perform-
ing solid-liquid separation of the anaerobically biologically
treated water tlowing out of the anaerobic biological treat-
ment step.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a systematic diagram showing an apparatus for
treating organic-containing wastewater according to an
embodiment of the present invention.

FIG. 2 1s a systematic diagram showing an apparatus for
treating organic-containing wastewater according to another

embodiment of the present invention.
FIG. 3 1s a systematic diagram showing a conventional
method.

DETAILED DESCRIPTION

According to the present invention, most soluble organic
substances are degraded by anaerobic biological treatment
means, and many carbons derived from raw water are
released as methane gas from an aqueous layer. Then, the
soluble organic substances remaining after an anaerobic bio-
logical treatment are mainly degraded by aerobic biological
treatment means, and the microorganisms produced by these
biological treatments are separated by solid-liquid separation
means. Therefore, a series of anaerobic biological treatment,
aerobic biological treatment, and solid-liquid separation can
reduce the amount of biological metabolites to reduce the
amount of the organic substances flowing into advanced treat-
ment means, thereby permitting stable treatment of wastewa-
ter.

The advanced treatment of water from which the organic
substances have been sulliciently removed is capable of pro-
ducing treated water of high quality. The water treated by the
advanced treatment means 1s of extremely high quality and
thus can be recovered directly as reuse water or as raw water
for pure water and extra-pure water.

In the advanced treatment means, since water having a
suificiently reduced organic concentration 1s treated, the load
ol the advanced treatment 1s decreased. If the advanced treat-
ment means 1s a membrane separator, membrane contamina-
tion can be prevented, and the flux 1s little decreased with
time, thereby permitting the continuation of stable treatment
over a long period of time. If the advanced treatment means 1s
ion exchange equipment, the organic maternial load and
organic contamination can be decreased, thereby improving
the quality of treated water and decreasing the regeneration
frequency of the resin and the exchange frequency of the
resin. If the advanced treatment means 1s oxidation equip-
ment, the organic material load can be decreased, thereby
decreasing the amount of the oxidizer used and the size of the
equipment.
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An apparatus and method for treating organic-containing
wastewater according to an embodiment of the present inven-
tion are described 1n detail below.
|Organic-Containing Wastewater]

In the present invention, organic-containing wastewater to
be treated may be organic-containing wastewater which 1s
usually biologically treated and is not particularly limaited.
Examples of the organic-containing wastewater include elec-
tronic industry wastewater, chemical plant wastewater, and
food plant wastewater. For example, in a process for manu-
facturing electronic components, large amounts of various
types of organic wastewater are produced from a develop-
ment step, a separation step, an etching step, a washing step,
etc. and wastewater 1s desired to be recovered, purified to a
pure water level, and reused. Therefore, such wastewater 1s
suitable as wastewater to be treated 1n the present invention.

Examples of such organic-containing wastewater include
organic wastewater containing isopropyl alcohol, ethyl alco-
hol, or the like, organic wastewater containing organic nitro-
gen or ammonia nitrogen such as monoethanol amine (MEA),
tetramethylammonium hydroxide (TMAH), or the like, and
organic wastewater containing organosulfur compounds such
as dimethyl sultoxide (DMSO).
| Anaerobic Biological Treatment]

As the anaerobic biological treatment means for anaerobi-
cally biologically treating wastewater, a known anaerobic
biological treatment-system biological reaction tank can be
used as long as it has an excellent efficiency of organic deg-
radation.

The anaerobic biological treatment means may be either a
single-tank type 1n which acid generation reaction and meth-
ane generation reaction are performed 1n the same tank or a
two-tank type in which these reactions are performed in
respective tanks. Each of the reaction tanks may be any
desired type such as a suspension type (stirring type), a sludge
bed type (sludge blanket type), or the like, or a carrier addition
type or a granulated sludge type.

The anaerobic biological treatment means 1s not particu-
larly limited, but it preferably includes an acid generation
tank and an UASB (up-tlow anaerobic sludge blanket)-sys-
tem reaction tank because a high-load operation can be per-
formed.

[ Aerobic Biological Treatment]

As the aerobic biological treatment means for aerobically
biologically treating wastewater, a known aerobic biological
treatment-system biological reaction tank can be used as long
as 1t has an excellent efficiency of organic degradation. For
example, a suspension system in which activated sludge 1s
maintained 1n a suspension state in a tank or a biological
membrane system 1n which activated sludge 1s adhered to a
carrier and maintained can be used. The biological membrane
system may be any desired microbial bed system such as a
fixed bed system, a fluidized bed system, or an expanded bed
system, and any one of activated carbon, various plastic car-
riers, and sponge carriers can be used as the carrier.

As the carrier, a sponge carrier 1s preferred because the
sponge carrier can maintain microorganisms at a high con-
centration. Although a sponge raw material 1s not particularly
limited, an ester-type polyurethane i1s preferred. Also,
although the amount of the carrier charged 1s not particularly
limited, the apparent volume of the carrier relative to the
volume of the biological reaction tank 1s generally about 10%
to 50%, particularly preferably about 30% to 50%.

As the aerobic biological reaction tank for microbially
degrading organic substances under aerobic conditions, an
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acration tank provided with oxygen gas supply means for
supplying oxygen (air) into the tank, such as a diffusion tube
or an aerator, can be used.

The aerobic biological reaction tank may be either a single-
tank type or a multi-tank type, or a single-tank type having a
partition wall provided 1n a tank.

[Coagulation Treatment]

The aerobically biologically treated water obtained by
aerobic biological treatment after anaerobic biological treat-
ment ol organic wastewater 1s preferably subjected to a
coagulation treatment before solid-liqud separation 1n order
to securely remove microorganisms and polymer organic
substances by the solid-liquid separation means 1n a latter
stage. A usual coagulation treatment unit 1s used for the
coagulation treatment of the aerobically biologically treated
water. The coagulation treatment unit may include a single
coagulation tank or two or more tanks provided 1n multiple
stages.

The coagulation treatment unit generally imncludes a rapid
mixing tank for sufficient contact between a coagulant and
water to be treated and a slow mixing tank for growing coagu-
lated flocs. Therefore, when two or more coagulation tanks
are provided in multiple stages, preferably, a coagulation tank
in a former stage 1s the rapid mixing tank, and a coagulation
tank 1n a latter stage 1s the slow mixing tank.

Examples of an inorganic coagulant used for the coagula-
tion treatment include iron-based coagulants such as ferric
chlonde, 1ron polysulfate, and the like; and aluminum-based
coagulants such as aluminum sulfate, aluminum chloride,
polyaluminum chloride, and the like. From the viewpoint of a
coagulation effect, an 1ron-based coagulant 1s preferred.
These morganic coagulants may be used alone or 1n a com-
bination of two or more.

In the coagulation treatment, the inorganic coagulant used
1s adjusted to preferred pH by adding a pH adjuster according
to demand. Namely, with respect to a pH condition, for
example, 1t 1s elfective for an iron-based coagulant to be
subjected to reaction at pH 3.5 or less, and 1t 1s effective for an
aluminum-based coagulant to be subjected to reaction at pH
5.0 or less and then adjusted to pH 6.0 or more. Therefore,
according to demand, the pH 1s preferably adjusted by adding
an acid such as hydrochloric acid (HCI), sulfuric acid
(H,SO,), or the like, or an alkali such as sodium hydroxide
(NaOH) or the like. Although the detailed reason why high-
quality treated water can be obtained by the coagulation treat-
ment under such a pH condition 1s not known, it 1s supposed
that neutralization of the charge of a protein component 1n the
biological metabolites 1s concerned.

In the coagulation treatment, soluble organic substances
and suspended substances in the biologically treated water
are tlocculated. In order to grow the coagulated flocs, an
inorganic coagulant and a polymer coagulant may be added to
a first coagulation tank and a second coagulation tank, respec-
tively.
| Solid-Liquid Separation]

The solid-liquid separation means for the aerobically bio-
logically treated water and preferably the treated water
obtained by the coagulation treatment of the acrobically bio-
logically treated water 1s not limited to a sedimentation tank,
a tlotation tank, a centrifugal separator, or the like. However,
a pressure flotation tank, particularly a coagulation pressure
flotation tank, 1s compact and thus preferred because the
coagulated flocs of the biologically treated water are easily
floated and an apparatus with a smaller area than a sedimen-
tation tank may be used. Also, membrane separation means
such as an immersion membrane may be used for solid-liquid
separation of the aerobically biologically treated water.
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| Advanced Treatment]

The advanced treatment means may be means for turther
removing dissolved organic substances remaining in the
treated water which 1s produced by removing the organic
substances from wastewater through the anaerobic biological
treatment means, the aerobic biological treatment means, and
the solid-liquid separation means, means for removing sol-
vent salts contained 1n the treated water, or means for remov-
ing both the dissolved organic substances and the solvent
salts.

The following 1s given as the advanced treatment means.

Membrane separator: for example, R“, NF (nano filtra-
tion), and UF membrane separators, for removing organic
substances and salts

Ion exchange equipment: for example, an anion exchanger,
a cation exchanger, a mixed bed filled with a mixture of a
cation exchange resin and an anion exchange resin, and an
clectric desalter, for removing salts and organic substances

Oxidation equipment: for example, ozone oxidation equip-
ment, hydrogen peroxide oxidation equipment, chlorine oxi-
dation equipment, ultraviolet-ray oxidation equipment, and a
combination thereot, for removing organic substances

Equipment for ion exchange, membrane separation, or the
like 1s frequently provided in a stage after the oxidation equip-
ment.

These advanced treatment means may be appropriately
used 1n a combination of two or more. Also, another unit such
as a filter, activated carbon treatment equipment, or the like
may be added as a part of the advanced treatment means.

In particular, when the RO membrane separator 1s used as
the advanced treatment means, a filter 1s preferably provided
in a stage prior to the RO membrane separator, for removing
SS from water. As the filter, a packed bed filter packed with a
filter material such as sand, anthracite, or the like, a mem-
brane filter using a membrane such as a microfiltration (MF)
membrane, an ultrafiltration (UF) membrane, or the like can
be used.
[Solid-Liquid Separation of Anaerobically Biologically
Treated Water]|

In the present invention, the anaerobically biologically
treated water from the anaerobic biological treatment means
can be directly introduced into the aerobic biological treat-
ment means and treated therein without solid-liquid separa-
tion. However, from the viewpoint of inhibition of autolysis
of microorganisms produced by the anaerobic biological
treatment, solid-liquid separation means 1s preferably pro-
vided 1 a stage after the anaerobic biological treatment
means.

In this case, the solid-liquid separation means for the
anaerobically biologically treated water 1s not particularly
limited to a sedimentation tank, a flotation tank, a centrifugal
separator, or the like. However, from the viewpoint that
microorganisms and polymeric organic substances can be
securely removed, the aerobically biologically treated water
1s preferably subjected to coagulation treatment and then
solid-liquid separation treatment, and a coagulation-pressure
flotation system 1s compact and particularly preferred.

When a coagulation tank and a sedimentation tank are
provided for the anaerobically biologically treated water, the
same coagulation tank as described above 1n [Coagulation
treatment] can be used, and the coagulation treatment condi-
tions are the same as the above.

When solid-liquud separation i1s not performed for the
anaerobically biologically treated water, autolysis of the
microorganisms produced in the anaerobic biological treat-
ment partially proceeds in the aerobic biological treatment
means. In comparison with this case, however, when solid-
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liquid separation 1s performed for the anaerobically biologi-
cally treated water, the amount of the microorganisms pro-
duced and to be subjected to autolysis 1 the aerobic
biological treatment 1s significantly decreased, resulting 1n a
significant decrease of the concentration of residual microor-
ganism metabolites. This 1s because the aerobic biological
treatment method such as an activated sludge method uses
oxygen as an electron acceptor and has a high efliciency of
energy recovery for the microorganisms, and thus the amount
of microorganisms mnitially produced ata COD . loadof1 Kg

1s about 0.4 to 0.5 Kg (for example, Will1 Gujor et al. use a
VSS yield per COD -, of 0.63x0.75=0.47 as a parameter of

typical IAWQ sludge model 3, Wat. Sci. Tech., 1999).
| Apparatus for Treating Organic-Containing Wastewater]

An example of the apparatus for treating organic-contain-
ing wastewater of the present invention i1s described with
reference to the drawings.

FIGS. 1 and 2 are systematic diagrams each showing an
apparatus for treating organic-contaimng wastewater accord-
ing to an embodiment of the present invention. FIGS. 1 and 2
cach show an example of the apparatus for treating organic-
containing wastewater of the present invention, and the appa-
ratus for treating organic-containing wastewater of the
present mvention 1s not limited to the examples shown in
FIGS. 1 and 2. For example, the advanced treatment means 1s
not limited to the RO membrane separator, and 1on exchange
equipment or oxidation equipment may be used.

The apparatus for treating organic-containing wastewater
shown 1 FIG. 1 includes an anaerobic biological treatment
unit 10, as the anaerobic biological treatment means, which
includes an anaerobic reaction tank 11 including an acid
production tank 11A and a UASB reaction tank (up-flow
sludge blanket reaction tank) 11B which holds granule sludge
11G, a coagulation tank (may be referred to as a “No. 1-1
coagulation tank™ heremafter) 12 and a coagulation tank
(may be referred to as a “No. 1-2 coagulation tank™ herein-
alter) 13 which are arranged 1n two stages for coagulating the
anaerobically biologically treated water from the anaerobic
reaction tank 11 (UASB reaction tank 11B), and a sedimen-
tation tank (may be referred to as a “No. 1 sedimentation
tank™ hereinatter) 14 for solid-liquid separation of the water
having undergone coagulation treatment in the No. 1-2
coagulation tank 13; an aerobic biological treatment unit 20,
as the aerobic biological treatment means, to which water
separated by the No. 1 sedimentation tank 14, 1.e., water
treated by the anaerobic biological treatment unit 10, 1s 1ntro-
duced and which includes an aeration tank 21, a coagulation
tank (may be referred to as a “No. 2-1 coagulation tank”™
hereinafter) 22 and a coagulation tank (may be referred to as
a “No. 2-2 coagulation tank” hereinafter) 23 which are
arranged 1n two stages for coagulating the aerobically bio-
logically treated water from the aeration tank 21, and a sedi-
mentation tank (may be referred to as a “No. 2 sedimentation
tank™ hereinafter) 24 serving as solid-liquid separation means
for solid-liquid separation of the water having undergone
coagulation treatment 1n the No. 2-2 coagulation tank 23; a
filter 30 to which water separated by the No. 2 sedimentation
tank 24, 1.¢., water treated by the aerobic biological treatment
unit 20, 1s introduced; and a RO membrane separator 40 as the
advanced treatment means to which water filtered by the filter
30 1s introduced.

Raw water (organic-contaiming wastewater) 1s succes-
stvely introduced 1nto the acid production tank 11A and the
UASB reaction tank 11B to remove most soluble organic
substances and release most of the carbons dertved from the
raw material as by-product methane gas from an aqueous
layer. In the anaerobic biological treatment, the energy recov-
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ery coellicient for microorganisms 1s low, and the mitial
amount of the microorganisms produced relative to 1 Kg of
raw material COD . load 1s 0.1 Kg or less. The progress of
autolysis due to food chains between microorganisms 1s as
low as about 15 of that under acrobic conditions and 1s usually

at a negligible level as compared with aerobic conditions
(Lawrence, A. L. and MacCarty, P. L., Jour, Water Poll. Con-

trol Fed., 1969).

A preferred operation mode slightly varies depending on
the degradability of organic substances contained in the raw
water. However, the load 1s preferably determined to remove
60 to 95%, more preterably 80 to 90%, of soluble organic
substances in the raw water.

The COD ., sludge load for the above conditions 1s gener-
ally 0.1 to 1.0 Kg-COD ,/Kg-VSS/day and more preferably
0.3 to 0.8 Kg-COD ., /Kg-VSS/day.

Then, the anaerobically biologically treated water from the
UASB reaction tank 11B 1s subjected to coagulation by add-
ing an inorganic coagulant thereto 1n the No. 1-1 coagulation
tank 12, and then flocs are coarsened by adding a pH adjustor
and/or a polymer coagulant 1n the No. 1-2 coagulation tank
13. Then, the water having undergone coagulation is fed to the
No. 1 sedimentation tank 14 for solid-liquid separation of
coagulated flocs.

The water having undergone solid-liquid separation 1n the
No. 1 sedimentation tank 14 1s then introduced nto the aera-
tion tank 21 and aerobically biologically treated under aera-
tion from a diffusion tube 12A. In the aeration tank 21,
soluble organic substances remaining aiter the anaerobic bio-
logical treatment are degraded. In the aeration tank 21, pret-
erably, degradation securely proceeds so that the concentra-
tion of organic substances tlowing into the RO membrane
separator 40 serving as the advanced treatment means 1n a

latter stage can be decreased as much as possible. The BOD
sludge load 1s preferably 0.01 to 0.30 Kg-BOD/Kg-VSS/day

and more preferably 0.05 to 0.2 Kg-BOD/Kg-VS5/day. The
aeration tank 21 preferably holds a carrier 22B therein so as to
stably maintain the amount of microorganisms even with a
low load. The load of the No. 2 aeration tank 1s preferably 0.03
to 1.8 Kg-BOD/m?>/day and particularly preferably 0.15t0 1.2
Kg-BOD/m>/day. In addition, SRT is preferably 5 to 50 days.

Then, the aerobically biologically treated water from the
aeration tank 21 1s subject to coagulation by adding an 1nor-
ganic coagulant thereto in the No. 2-1 coagulation tank 22,
and then tlocs are coarsened by adding a pH adjustor and/or a
polymer coagulant in the No. 2-2 coagulation tank 23. Then,
the water having undergone coagulation 1s fed to the No. 2
sedimentation tank 24 for solid-liquid separation of coagu-
lated tlocs.

The water having undergone solid-liquid separation 1n the
No. 2 sedimentation tank 24 1s then subjected to the removal
of residual SS 1n the filter 30 and then RO membrane separa-
tion 1n the RO membrane separator 40, and permeated water
1s taken out as treated water.

The configuration of the apparatus for treating organic-
containing wastewater shown in FIG. 2 the same as that of the
apparatus for treating organic-containing wastewater shown
in FIG. 1 except that the coagulation tanks 12 and 13 and the
sedimentation tank 14 for coagulation and solid-liquid sepa-
ration of the anaerobically biologically treated water from the
anaerobic reaction tank 11 (UASB reaction tank 11B) 1n the
anaerobic biological treatment unit 10A are omuitted.

In this apparatus for treating organic-containing wastewa-
ter, the same treatments as in the apparatus for treating
organic-containing wastewater shown i FIG. 1 are per-
formed except that the anaerobically biologically treated
water from the anaerobic reaction tank 11 1s introduced

[,
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directly into the aeration tank 21 and aerobically biologically
treated without coagulation and solid-liquid separation.

In each of the apparatuses for treating organic-containing,
wastewater shown 1 FIGS. 1 and 2, treated water of high
quality can be obtained by anaerobic biological treatment,
aerobic biological treatment, and solid-liquid separation 1n
steps prior to the RO membrane separator 40, and water with
a low F1I value can be supplied to the RO membrane separator
40. Theretore, 1t 1s possible to suppress a decrease 1n mem-
brane flux of the RO membrane separator 40 and stably obtain
treated water for a long period of time.

The FI value 1s used for determining whether or not the
quality of water supplied to the RO membrane separator 1s
suitable for RO membrane treatment when water 1s passed
through the RO membrane separator and deionized. Even
when water has substantially the same amounts of dissolved
organic substances and SS 1n water, the membrane flux in RO
membrane treatment may be decreased in an early stage. In
this case, a difference occurs in the FI value of water supplied
to RO treatment.

The FI value can be determined from the initial time
required and the time required after water passage for a pre-
determined time 1n an operation of measuring the time
required for a predetermined amount of sample water to be
filtered through a membrane filter having a predetermined
pore diameter. Namely, the FI value 1s used for determining,
whether or not water easily causes membrane contamination
and membrane clogging. Although water of quality at a FI
value of 5 or less 1s allowed as water to be supplied to RO
treatment, water quality 1s desired to be a FI value of 3 or less.
Therefore, 1n the present invention, when the RO membrane
separator 1s used as the advanced treatment means, water at a
FI value or 3 or less can be obtained by anaerobic biological
treatment, aerobic biological treatment, and solid-liquid
separation, and the water 1s preferably supplied to the RO
membrane separator 40.

Item

Anaerobic Acid

reaction  production

tank 11 tank 11A
UASB
reaction tank
11B

No. 1-1 coagulation

tank 12

No. 1-2 coagulation

tank 13

No. 1 sedimentation
tank 14

Aeration tank 21

No. 2-1 coagulation

tank 22

No. 2-2 coagulation

tank 23

10
EXAMPLES

The present 1invention 1s described 1n further detail below
with reference to examples and a comparative example.

5
Examples 1 and 2 and Comparative Example 1
Industrial wastewater of the quality below which contained
10 ethyl alcohol as a main component was used as raw water and
treated 1n an amount of water to be treated of 1000 L/day by
the apparatus shown in FIG. 1 (Example 1), FIG. 2 (Example
2), or FI1G. 3 (Comparative Example 1). For biological treat-
ment of the raw water, ammonium sulfate and phosphoric
15 acid were added to the raw water so that TOC:N:P=100:15:3
because 1t was supposed that the raw water was lack of nitro-
gen and phosphorus.
<Raw Water Quality>
. S—COD,,: 1380 mg/L

S-TOC: 368 mg/L

Kj-N: 7.8 mg/L

PO,—P: 0.6 mg/L

Table 1 shows the specifications of the apparatuses and the

2> treatment conditions used in Examples 1 and 2 and Compara-
tive Example 1.

Table 2 shows vanation per day of water quality 1n each

portion and Table 3 shows variation per day of the flux reduc-
4, tion rate of the RO membrane separator.

Table 4 shows the reaction tank area per quantity of water
to be treated of 1000 m~/day (assuming that the water depth in
the anaerobic reaction tank including the acid production tank
and the UASB reaction tank 1s 8 m, and the water depth 1n

35 each of the aeration tank, the coagulation tank, and the sedi-
mentation tank 1s 4 m).
TABLE 1
Example Example Comparative
Unit 1 2 Example 1
Volume L] 150 150
Raw water retention [hr] 3.6 3.6
time
Volume L] 200 200
COD¢,. sludge load [kg-CODCr/ 0.3 0.3
kg-VSS/day]
Volume [L] 20
Amount of [mg/L] 400
coagulant(*2) added
Stirring rate rpm] 180
Volume L] 20
pH(*3) mg/L] 5.5
Stirring rate rpm]| 60
Area m?) 0.05
Water flow LV m/day] 20
Volume L] 600 600 1600
Amount of carrier(*1) [L] 250 250 670
charged
Set tank load [Kg-BOD/ 0.2 0.2 0.6
m”/day]
Volume L] 20 20 20
Amount of imeg/1] 300 500 700
coagulant(*2) added
Stirring rate rpm]| 180 180 180
Volume 1] 20 20 20
pH(*3) me/L] 5.5 5.5 5.5
Stirring rate rpm] 60 60 60
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TABLE 1-continued
Example
[tem Unit 1
No. 2 sedimentation Area 'm?) 0.05
tank 24 Water flow LV ‘m/day] 20
Filter 30(*4) Water flow LV m/hr] 1.0
RO membrane Membrane used —]

separator 40

Water recovery rate |9%] 70
(*1)5 mm square polyurethane sponge apparent volume
(*2)38 wt % aqueous ferric chloride solution
(*3)adjusted by adding NaOH
(*4)two-layer filter (¢ 100 A x 2500 mm) packed with sand and anthracite
TABLE 2
Example Example
1 2
Quality of anaerobically S-TOC[mg/L] 88.3 86.8
biologically treated water
(water flowing out of SS [mg/L] 58.9 61.3
UARSB reaction tank)
Quality of aerobically S-TOC[mg/L] 11.8 12.4
biologically treated water
(water flowing out of aeration SS [mg/L] 443 76.6
tank)
Quality of water supplied to S-TOC[mg/L] 6.2 7.6
RO membrane separator
(filtered water) FI value™ [-] 2.4 2.5
Quality of treated water S-TOC[mg/L] 0.3 0.3
(water permeated through
RO membrane separator)
*lest method: ASTM D4189-95
TABLE 3
Example Example  Comparative
Flux reduction rate 1 2 Example 1
5 days after %% 8.7 9.2 15.9
15 days after 9] 12.5 13.7 21.6
30 days after 9%] 15.3 17.1 27.2
TABLE 4
Example Example Comparative
1 2 Example 1
Tank Anaerobic reaction tank 44 44
area (acid production tank +
[m”] UASB reaction tank)
No. 1-1 coagulation tank 5
No. 1-2 coagulation tank 5
No. 1 sedimentation tank 50
Aeration tank 150 150 400
No. 2-1 coagulation tank 5 5 5
No. 2-2 coagulation tank 5 5 5
No. 2 sedimentation tank 50 50 50
Total 314 254 460
Total area ratio [%] 68.2 55.2 100

The above-described results indicate the following:

In Example 1, most of the organic substances in the raw
water can be removed by the anaerobic reaction tank 1nclud-
ing the acid production tank and the UASB reaction tank and
turther removed as SS by solid-liquid separation 1n the No. 1
sedimentation tank before autolysis of the microorganisms
produced 1n the anaerobic reaction tank proceeds. In addition,
the water separated by the No. 1 sedimentation tank 1s further

treated by the aeration tank to further highly degrade the

Example Comparative
2 Example 1
0.05 0.05
20 20
1.0 1.0

Nitto Denko Corporation

“NTR759H R-527

70 70

Comparative
Example 1

35

40

45

50

55

60

65

18.6
24.6
11.2

2.8
0.6

residual organic substances and SS 1s removed by the No. 2
sedimentation tank. Consequently, treated water having low
S-TOC and low SS can be obtained by the anaerobic reaction
tank and the aeration tank having a total volume smaller than
the volume of the aeration tank 1n Comparative Example 1.

Further, since coagulation treatment can be sufficiently per-
formed with a small amount of the coagulant added to the
coagulation tank, treated water suitable for membrane sepa-
ration can be obtained with the coagulant added to the No. 1
and No. 2 coagulation tanks 1n a total amount equivalent to
that 1n Comparative Example 1. Namely, it 1s possible to
obtain treated water having a low S-TOC value and a low FI
value which 1s an index for the coagulation effect and an index
for the quality of water supplied to the membrane separator.
The treated water can be supplied to the RO membrane sepa-
rator to obtain good treated water.

In EXAMPLE 2, solid-liquid separation 1s not performed
in a stage after the anaerobic reaction tank, but the resultant
treated water has a lower S-TOC value and a lower SS value
than in Comparative Example 1.

The flux reduction rates of the RO membrane separator 1n
both Examples 1 and 2 are significantly improved as com-
pared with Comparative Example 1, but Example 1 exhibits a
higher improving effect than Comparative Example 2.

Therefore, 1n the present invention, the organic substance
load can be mostly removed by the anaerobic reaction tank,
and thus the aeration tank can be decreased 1n size. Theretfore,
the total reaction tank area can be decreased by about 30%

and about 45% 1n Examples 1 and 2, respectively, as com-
pared with 1n Comparative Example 1.

These results indicate that the configuration of EXAMPLE
1 1s preferred when treated water of higher quality 1s required,
and the configuration of Example 2 1s preferred when there 1s
more need to decrease the installation area.
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Although the present invention 1s described 1n detail with
reference to the specified embodiments, it 1s obvious to per-
sons skilled in the art that various modifications can be made
within the 1dea and the scope of the present invention.

This application 1s based on the Japanese patent applica-
tion (patent application No. 2005-375133) filed Dec. 27,
20035, which 1s hereby incorporated by reference herein 1n 1ts
entirety.

The mvention claimed 1s:
1. An apparatus for treating organic-contaiming wastewater
comprising;
anaerobic biological treatment means for anaerobically
biologically treating organic-containing wastewater;

aerobic biological treatment means for acrobically biologi-
cally treating the anaerobically biologically treated
water flowing out of the anaerobic biological treatment
means;

solid-liquid separation means for performing solid-liqud

separation of the aerobically biologically treated water
flowing out of the aerobic biological treatment means;
and

reverse osmosis membrane means for removing dissolved

substances contained 1n the water separated by the solid-
liquid separation means,

wherein said anaerobic biological treatment means com-

prises one tank for performing acid generation reaction
and methane generation reaction simultaneously or two
tanks for performing the acid generation reaction and the
methane generation reaction, separately, and provides a
COD _ sludge load o1 0.1-1.0 Kg-COD _ /Kg-VSS/day,
and

the aerobic biological treatment means provides an aera-

tion tank load of 0.03-1.80 Kg-BOD/m>/day.

2. The apparatus for treating organic-containing wastewa-
ter according to claim 1, further comprising a coagulation
tank provided between the aerobic biological treatment
means and the solid-liquid separation means, for effecting a
coagulation reaction by adding a coagulant to the aerobically
biologically treated water.

3. The apparatus for treating organic-containing wastewa-
ter according to claim 2, wherein the coagulation tank com-
prises two coagulation tanks.

4. The apparatus for treating organic-containing wastewa-
ter according to claim 1, further comprising solid-liquid sepa-
ration means provided for performing solid-liquid separation
of the anaerobically biologically treated water flowing out of
the anaerobic biological treatment means so that the water
separated by the solid-liquid separation means 1s aerobically
biologically treated by the aerobic biological treatment
means.

5. The apparatus for treating organic-containing wastewa-
ter according to claim 4, further comprising a coagulation
tank provided between the anaerobic biological treatment
means and the solid-liquid separation means for performing,
solid-liquid separation of the anaerobically biologically
treated water flowing out of the anaerobic biological treat-
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ment means, for effecting a coagulation reaction by adding a
coagulant to the anaerobically biologically treated water.

6. The apparatus for treating organic-containing wastewa-
ter according to claim 5, further comprising a filter prior to the
reverse osmosis membrane for removing solvent salts.

7. The apparatus for treating organic-containing wastewa-
ter according to claim 3, wherein the coagulation tank com-
prises two coagulation tanks.

8. A method for treating organic-containing wastewater
comprising:

an anaerobic biological treatment step of anaerobically

biologically treating organic-containing wastewater at a
COD __ sludge load 010.1-1.0 Kg-COD _/Kg-VSS/day;
an aecrobic biological treatment step of acrobically biologi-
cally treating the anaerobically biologically treated

water flowing out of the anaerobic biological treatment
step at an aeration tank load of 0.03-1.80 Kg-BOD/m?/
day:

a solid-liquid separation step of performing solid-liquid
separation of the aerobically biologically treated water
flowing out of the aerobic biological treatment step; and

a reverse osmosis treatment step of removing dissolved
substances contained 1n the water separated by the solid-
liquid separation step.

9. The method for treating organic-containing wastewater
according to claim 8, further comprising a coagulation step of
elfecting a coagulation reaction by adding a coagulant to the
acrobically biologically treated water between the aerobic
biological treatment step and the solid-liquid separation step.

10. The method for treating organic-containing wastewater
according to claim 9, further comprising a step of adding apH
adjustor and/or a polymer coagulant after the coagulation
step.

11. The method for treating organic-containing wastewater
according to claim 8, further comprising a solid-liquid sepa-
ration step of performing solid-liquid separation of the
anaerobically biologically treated water flowing out of the
anaerobic biological treatment step so that the water sepa-
rated by the solid-liquid separation step 1s aerobically bio-
logically treated 1n the aerobic biological treatment step.

12. The method for treating organic-containing wastewater
according to claim 11, further comprising a coagulation step
of effecting a coagulation reaction by adding a coagulant to
the anaerobically biologically treated water between the
anaerobic biological treatment step and the solid-liquid sepa-
ration step of performing solid-liquid separation of the
anaerobically biologically treated water flowing out of the
anaerobic biological treatment step.

13. The method for treating organic-containing wastewater
according to claim 12, further comprising a filtering step prior
to the reverse osmosis treatment step for removing solvent
salts.

14. The method for treating organic-containing wastewater
according to claim 12, further comprising a step of adding a
pH adjustor and/or a polymer coagulant after the coagulation
step.




	Front Page
	Drawings
	Specification
	Claims

